An environmental sampling survey was carried out in different areas of Bogotá, Colombia, to obtain isolates of members of the Cryptococcus neoformans/C. gattii species complex from Corymbia fi cifolia trees. During a 6-month period in 2007, 128 samples consisting of bark, soil around trunk bases, detritus, seeds and fl owers were collected from 91 trees and processed according to standard procedures. The molecular type was determined using URA5 restriction fragment length polymorphism (RFLP) analysis and the mating type was established by PCR using specifi c primers for Mfα and Mfa. C. gattii was isolated from 15 of the 128 (11.7%) samples, of which three (20%) were recovered from the red fl ower extract and the remaining 12 from C. fi cifolia detritus. URA5 RFLP analysis revealed that all 15 isolates belonged to the molecular type VGIII and mating type specifi c PCR revealed that all were mating type a. The isolation of C. gattii from C. fi cifolia represents an important fi nding since this is the fi rst report revealing C. fi cifolia as a habitat for C. gattii and adds additional information to the ever growing spectrum of tree species from which C. gattii can be recovered.
Currently, there is enough evidence to support the fact that the association of C. gattii and eucalypts is not exclusive. Isolates of this species have been recovered from native trees like Moquilea tomentosa and Guettarda acreana in the Northern region of Brazil [13] [14] [15] , from Tamarindus indica trees in India [16] , Canadian native trees, such as Douglas fi r (Pseudotsuga menziesii) [7] and Ficus bogotanensis a native tree in the capital city of Colombia, Bogotá [8] .
In Colombia, the fi rst isolation of C. gattii, serotype C, was made in 1998, when it was recovered from Terminalia cattapa trees (almond trees) [17] . Since then, our research group has been focusing on exploring new habitats of the members of the C. neoformans/C. gattii species complex [18, 19] .
C. fi cifolia or the red fl owering gum is one of around 80 eucalypts which were transferred in 1995 from the genus Eucalyptus to the newly created genus Corymbia [20] . The species was formerly known as Eucalyptus fi cifolia. This tree, which is native in Western Australia, is planted extensively in Bogotá, the capital city of Colombia, as an ornamental. Therefore, the aim of the present study was to carry out an environmental sam-
Introduction
Currently, the causative agents of cryptococcosis belong to the Cryptococcus neoformans/C. gattii species complex, which includes two closely related species, i.e., C. neoformans containing the varieties C. neoformans var. grubii (serotype A) and C. neoformans var. neoformans (serotype D) and an AD hybrid and C. gattii, which includes the serotypes B and C. Recently, additional hybrids have been reported, such as BD and AB [1] [2] [3] [4] . Both species are characterized by epidemiological, ecological and molecular differences [5] [6] [7] [8] [9] [10] .
The natural habitat of C. gattii was not known until the early 1990s, when Ellis and Pfeiffer reported the fi rst isolation of this pathogen from Eucalyptus camaldulensis debris in Australia. This has been followed by a growing number of reports of its recovery from other tree species [11] [12] [13] .
pling survey in two areas of Bogotá in an attempt to obtain isolates of the C. neoformans/C. gattii species complex from C. fi cifolia and to expand our knowledge about the ecology of this important human pathogenic yeast.
Materials and methods

Collection of isolates
Samples were collected during a period of 6 months, between February and August 2007, in two locations in Bogotá, i.e., along 26th Avenue and 11th Street. A total of 91 trees were sampled, in which we collected bark material (n ϭ 28), soil around trunk bases (n ϭ 37), detritus (n ϭ 52), seeds (n ϭ 4) and fl owers (n ϭ 7), once per tree during the survey period. Most of the samples were obtained as 10 g of material in bags as described by Ellis and Pfeiffer [11] . Twenty one of the samples were collected by swabbing tree areas [21] . The bag samples were processed using the Staib technique. Five grams of each sample were suspended in 25 ml of phosphate buffer saline (PBS), mixed and fi ltered with sterile gauze. The fi ltrate was mixed with 50 μl of a solution of penicillin (20 U) and streptomycin (20 U) and 100 μl of this suspension was inoculated onto plates of Guizotia abyssinica agar, supplemented with biphenyl, penicillin and streptomycin [22] . Plates were incubated at 25°C and observed for growth and colony development for up to one month. From each plate, fi ve suspected brown colonies were streaked onto Sabouraud glucose agar plates and incubated at 25°C. Isolated colonies were tested for the phenotypic characteristics and species identifi cations were made using the Indian ink direct test, urease production and growth on canavanine glycine bromothymol blue medium [23, 24] . The recovered isolates were maintained as glycerol stocks at −70°C.
DNA isolation and determination of the molecular type
High molecular weight DNA was extracted as described by Casali et al. [25] . The DNA concentration was determined spectrophotometrically at 260/280 nm.
The reference strains of the eight major molecular types of the C. neoformans/C. gattii species complex, were provided by Wieland The molecular type was determined using URA5 RFLP analyses. The URA5 gene was amplifi ed with the two fl anking primers: URA5 (5' ATGTCCTCCCAAGCCCTCG ACTCCG 3') and SJ01 (5' TTAAGACCTCTGAACAC-CGTACTC 3'). PCR amplifi cation of the URA5 gene was performed as described by Meyer et al. [10] . Amplifi cation products were visualized in 1.4% agarose gels in 1X TBE buffer stained with 0.3 mg/ml ethidium bromide, at 110V for 1 h. Subsequently, 30 μl of the PCR products were double digested with Sau96I (10 U/ml) and HhaI (20 U/ml) overnight and separated by 2.5% agarose gel electrophoresis at 80V for 3.5 h using a 50 bp molecularsize marker (Promega). RFLP patterns were assigned by manually comparing them to the profi les obtained from the reference strains of the major molecular types (see above) [10] .
Determination of the mating type by PCR
Two PCR primer pairs specifi c for mating type α and a of C. neoformans were used. The MATα specifi c mating type primers were MFaU (5' TTCACTGCCATCTTCACC ACC 3′) and MFaL (5′ TCTAGGCGATGACACAAAGGG 3′). The MATa-specifi c mating type primers were MFa2U (5′ ACACCGCCTGTTACAATGGAC 3′) and MFa2L (5′ CAGCGTTTGAAGATGGACTTT 3′). Amplifi cations were carried out as described by Halliday and Carter [26] , with the exception of the mating type a amplifi cation reaction, for which the primer concentration was changed to 50 ng/ml. The PCR products were separated on 2% agarose gels in 1X TBE buffer, stained with ethidium bromide at 0.5 mg/ml for 1 h at 100 V.
Results
C. gattii was isolated from 15 of the 128 samples collected, of which three were recovered from the red fl ower extract and the remaining were isolated from C. fi cifolia detritus. All of the positive samples were collected from young C. fi cifolia trees along the 26th Avenue in Bogotá.
All isolates recovered grouped in the molecular type VGIII, and all colonies obtained from the same sample grown on the same isolation plate yielded the same molecular type, VGIII (Fig. 1) .
All recovered VGIII C. gattii isolates produced a band of 213 pb when amplifying with the MFa2U and MFa2L primers, and no amplifi cation with the mating type a primers, MFαU and MFαL, indicating that all isolates were mating type a. 
Discussion
Results from the many studies that have been undertaken in order to determine the habitat of the two species of the C. neoformans/C. gattii complex have suggested a broad spectrum of trees may harbor C. gattii. It is well known that Ellis and Pfeiffer reported in 1990 that Eucalyptus tree species were the primary niche for C. gattii, serotype B [11] . However, since then, numerous other studies have shown that many different tree species may be colonized by this fungal species. Recently, C. gattii was isolated from M. tomentosa trees and other native trees in the State of Espírito Santo in Brazil [13] [14] [15] and from Cedrus deodara and the rosewood tree Tipuana tipu, an autochthonous tree in Buenos Aires, Argentina [27] . A clear example of a potential change in the habitat of the C. neoformans/C. gattii species complex is the recent outbreak on Vancouver Island where the fungus was found in Douglas fi r trees (P. menziesii), Eastern Red cedar trees (Juniperus virginiana) and maple trees (Acer spp.) [28] . Our results suggest, as established by other authors, that the ecological niche for C. gattii is not restricted to a specifi c tree genus, and emphasize that further studies have to be undertaken in order to strengthen our knowledge of the ecological habitat of the C. neoformans/C. gattii species complex.
Isolates of the C. neoformans/C. gattii complex were recovered from the River red gum, also known as Corymbia camaldulensis, but may represent the only report of its association with this environmental source [29] . In the present study, we described for the fi rst time the isolation of C. gattii from trees of the species C. fi cifolia. All isolates recovered from fl owers and detritus belonged to the molecular type VGIII, which is in contrast with our previous fi nding, in which we reported that most of the clinical and environmental isolates of C. gattii recovered from fi ve regions in Colombia were molecular type VGII (78.3%), while only 13.8% of the isolates were molecular type VGIII [30] .
All of the isolates were found to be mating type a, which is in agreement with our previous fi ndings where we determined that most of the clinical and environmental C. gattii serotype B isolates in our collection are found to be mating type a [19, 30] . This is different from the fi ndings on Vancouver Island, where all the isolates belonged to the mating type a [7] .
The present study is important due to the isolation of C. gattii from C. fi cifolia trees in Colombia, as it is the fi rst report revealing this tree species as a habitat for this fungal species. Our data emphasize the fact that this species of fungi can be isolated from a wider spectrum of tree species of the genus Corymbia, than those reported until now. However, further environmental sampling for this fungal species from trees is required to determine if other serotypes can also be isolated in additional samples and therefore, indicating an expansion of the habitat of the C. neoformans/C. gattii species complex. This fi nding is encouraging to continue the search for new habitats and to progress our knowledge of the ecology of this important human fungal pathogen.
